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INTRODUCTION AND SUMMARY 


i Im the course of its investigation of mineral resources,-the Bureau of 
ede has made 2 survey of methods employed in testing clays for their oil- 
er ifsring or tleaching capacities. The initial purpose of the presentation 


ane Clescribe the procedures and apparatus that are accepted as standard by 

the “MNaiystry. Other methods that have been found particularly suitable for 
©Cley leboratory also are described. 

and q pts information circular is one of a series dealing with testing of clays 


S designed to forma section cr unit of Part II, Syllabus of Clay Test- 


ng. f 


4 The Bureau of Mines will welcome reprinting of this peper, provided the 
Following footnote acknowledgnent is used: "Reprinted from Bureau of 

o/ a Information Circular 7475." ; | 

= incfelter, T. A., et al, Syllabus of Clay Testing, Part I: Bureiu of 
Mines Bull. 451, 1943, 35 po. i 


hoy 
ps 


(Go gle 


I.C, TH75 


In mking the survey, it was found that the oil industry and the pro‘lucers 
of adsorbent clays usually employ one of two methods for testing bleaching 
qualities, The two methods were developed from the two different procecures, 
"percolation" and "contact," that the oil industry employs in clarifying its 
oil stocks. The test methods, adjusted tc the process and cil stocks used in 
the refinery, are laboratory a of the clarification condicvions. 


In laboratories engaged in weenie all vies of sdigg:: for their various 
uses it is not necessary to carry cut the testing with the detail required in 
the oil industry. It has been found adequate to evaluete the unknown clay or 
clays egainst a single standard clay and a single standard oi] stock. Moreover, 
much simpler equipment may be used. The Federal Geological Survey 2.iopted a 
method of this tyne some years ago, and the Bureau of Minec hes recentiv 
developed another that is believed to be somewhat more accurate. . In studying 
the possibilities of such a single method , the Bureau of Mines also worked out 
a modification of one: of _the industri fal methods that appears to have consic- 


Soe eet oe 


- okaomtepoyeTs 
This report is one of many on various aspects of the Federal Bureau of 
Mines program directed toward the more effective utilization of our mineral 


resources. These investigations are conducted by the Mining Division, L. B. 
Moon, chief, and by the Metallurgical Division, O. C. Ralston, chief. 


- The scove of the report falls in the province of the Metallurgical Divi- 
sion. The work was carried out at the Tuscaloosa Branch, W. H. Coghill, former 
chief, H. G. Iverson, present chief, and T. A. Klincfelter, in charge of the 
clay laboratory, and in cooperation with the University of Alabama. 

The staff heaged in the work included William W. Good, Ss ae Broderick, 
Ee S. Hertzog, E. R. Todd, D. W. Ross, H. P. Hamlin, and T. A. Kiinefslter. 


The staff is particularly indebted to the Filtrol Corporation of Los 
Angcles, Calif., and to the Attapulgus Clay Co. of Philadelphia, Pa., cor 
supplying detailed drawings and instructions conccrning their standard testing 
methods, also to the American Oil Chemists Society Chicagc, Ill. 


This staff article was prepared by T, A.. Klincrelter. 
REFERENCES 


In this presentation, a brief summary only is given as to the geological 
history, geographic distribution, and general properties of the adsorbent 
clays. There is considerable literature on these clays, and for more detailed 
information the following references should be consulted, They are comprehen- 
sive, and all contain bibliographies covering all phases quite thoroughly. 

All have been drawn from freely for some of the discussion in the present paper, 


~ 1. Nutting, P. G., Adsorbent Clays, Their Distribution, Proverties, 
Production, and Uses: Geol. Survey Bull. 928 , 1943, ‘pp. 127-221. 
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e. Ross, C. S., and Hendricks, 5. B., Minerals of the Montmorillonite 
‘Croup, Their Origin and Relation to ‘Soils and Clays: Geol. Survey 
Frof. Paper 205-B, 1945, pp. 23-79. | 


3. Davis, C. W., and Vecher, H.C. (revised by Conley, J. E.), Benton- 
" ate: Its Properties, Mining, Preparation, and Utilization: Bureau 
of Mines Tech. Paper 609,-1940, 83. pp. 


For those interested in following the methods: employed by the industry 
in more detail than could be presented in this report, the following refer~- 
ences should be. consulted: 


abe Official and Tentative Methods of the, American Oil Chemists' Society, 
35 East Wacher Drive, Chicazo, Ill. Tt should be noted that standard 
samples of fuller's earth mav be obtained from the. society. | ? 
2. Adsorbent Testing ard its Aprlication to Refining Problems: Research 
and Development Department, etvepulse Clay wn 210 W. Washington | 
Squere , aidecet Eps 5, Pa, : | 


3% Filtrol Adsorbents in the Finishing of Petroleum Oil Stocks: . Filtrol 
Goreereeton 634 South Spring St.,.Los Angeles, Calif. Paes 


Pert 1. OIL-BLEACHING CLAYS 


Description and Origin 


, . This report deals saly with the class of adsorbent clays used commercially 
by the oil industry. Many other materials and clays have bleaching eee but 
have not, been found to be of much importance commercially. . 


At the present time, the oil-adsorbent eave are largely of two min 
types - the fuller's earths of Georgia and Florida and a certain type of ben- 
tonite found in'Mississippi, Arizona, and Cclifornia. 


The fuller's earths are ea rather distinct class or clays and have been in 
use as adsorbents of one sort or another for centurics. For oil clarification 
they need little treatment other than drying and screening. About half the 
oil clarification in this ey is carried out by meeéns of the fuller’ sg 
earths. . : 


The geologic origin of the, fuller's earths has in the past been obscure 
end attributed to various rock decompositions. In recent years, however, 
there has been a growing opinion that the fuller's earths: dre very old and 
very much, altered volcanic ash beds. If so, then they logically are a group 
of the bentonites. The idea.is based mainly on the facts that the fundamental 
clay mineral is one of the several montmorillonite cley mincrals. (saponite), 
and that virtually all the montmorillonites ere from volcanic ash. However, 
no volcanic shards are found, and the replaceable base is usually magnesium. 
On the other hand, those montmorillonites that are traceable to ash beds 
usually have calcium, sodium, or potassium as the main replaccable base, and 
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volcanic shards are invariably present. Nevertheless, the volcanic-ash origin 
of fuller's earth seems to fit the gereral facts better than other thecries. 


The other clays employed for bleaching are generally termed "bentonites”, 
although the same name is, used to deSignate another group of clays of great 
commercial importance in other industrial fields. This confused nomenclature 
will be discussed hereinafter in more detail. Although the bleaching benton- 
ites and other bentonites all have a common origin, in that they are unmis- 
taxably products of altered volcanic ash, they differ from one another decid- 
edly in certein physical and chemical aspects. | 


The chief variations that appear to cause the physical differences are 
the replaceable bases. The bentonites employed for bleaching have calcium &s 
the predominant replaceable base,: whereas the other group of commercial impor- 
tance (the swelling bentonites, as typified by those from Wyoming and the 
Dakotas) has sodium as the main base. In point of physical differences, the 
most outstanding one is water absorption. The bleaching bentonite may absorb 
as much as 75 percent wecer and show little or no increase in volume, whereas 
the swelling bentonites may abscrb as much es 200 percent water and show vol- 
ume increase of 15 or 16. When it comes to bleaching powers, there is a most 
decided difference. A few of the bleaching bentonites are good bleachers in 
the naturel state, but most of them require an acid leaching to bring out 
their full powers. On the other hand, the swelling and other types of ben- 
tonites are not bleachers in the natural state, nor can they be made so by the 
acid activation. Another difference between the bleaching bentonites and the 
swelling type lies in the relative amount of volcanic shards conteincd therein. 
The bleaching bentonites have few and scattered shards, whereas the swelling 
type contains relatively large amounts, and these shew less alteration. This 
would indicate that the high-calcium bleaching bentonites: are of older origin 
than the high-soda swelling bentonites and occupy an intermediate position 
between the EG RAGne Eten fuller’ 8 earths and the iene ee bentonites. 


In pessing, & brief discussion of the sensed nomenclature will be of 
interest. Clays usually receive their names from the use to which they are 
put, and one and the same cley my have half a dozen names, depending on who 
is talking. This is confusing and, within the last few years, the situation 
has become still more so because of the increasing tendency to employ names 
more in line with the technical knowledge of clays. The bleaching clays are 
no exception. First, there is the old trade name "fuller's earth", dating 
back to the time when these clays were employed in the textile trade. - Next 
came the name "bentonite" for a clay of the swelling type that was first noticed 
in the Benton formation of Rock:Creek, Wyo., which, therefore, was a geologi- 
cal nomenclature. These swelling bentonites came into wide use commercially 
before the high-calcium bleachers were recognized as being one of the family, 
and hence would seem to have some priority in the use of the name. For this 
reason, the clay technician is inclined to call the swelling bentonites “true 
bentonites." He then calls the type represented by the bleachers "metaben- 
tonites" or "subbentonites", and these latter names are beginning to be. used 
increasingly by the industry. However, the whole family of bentonitic clays 
is now referred to by the clay technicians as "montmorillonites." 


ehoy -\. 


Google 


tC (a> 


Perhaps it is an oversimplification to consider the three groups as 
Separate and distinct trom one another, as there is much overlapping in prop- 
erties and composit tions, and we find many borderline and intermediate grades. 
This probably explains the lack of clear correlation Povo bleaching prop- 
erties and chemical and mineral constituents. 


Commercial Use of 011-Bleaching Clays 


The use of clays for absorbent purposes, such as Sieanine weak and tex- — 
tiles, was’ known to the ancients. The use as oil bleachers, however, apparently 
started about 100 years ago and, with the expansion of the petroleum and auto- 
mobile industries, has grown at a repid rate. In the preraravion of the clays, 
the activation process his been in use aprroximately 75 years. 


The clays, on being mined, are dried sufficiently so that they mey be | 
ground or otherwise prepared. Yor naturally active clays, such as the ruller' g 
earths, drying and grinding may be sufficient, or the materjal may be proce... 
essed further to produce granuics or nodules of graded sizes, the degree of . 
prevaration depending on the process the consumer uses. For contact proce 
essing, a fine powder is required; whereas, for percolation clarifying, the 
eranular or nodular form | is employed. 


If the clay is to be aebivated: she Eee dried material is leached | or 
treated several how's with hot sulfuric acid, then washed, dried, ground, and 
shipped. The usual product is a finely ground powder, as it will be used in 
the contact processing of cil, 


The oil clarifying may be dono in tyvo ways, by the percolation or the 
contact precees. In the former the clay mass acts cs @ filter es the oil 
passes, or percolates , through the granular material. In the ccntact process 
& quantity of oil is kept in intimate contact with the finely powdered clay. 
mass for & period of time and is then filtered. 


Identification 


The montmorillcnite-type clay can be identified positively by X-ray 
examination. Thermal analyses are helpful, although the presence of other 
minerals often tends to obgcurd the results. Petrogrephic examinations also 
are helpful, although the fineness of grain often makes ‘positive analysis 
difficult. Certain physical characteristics are an aid, particularly the 
water-atsorptive powers. These have been described in Part I, Syllabus of 
Clay Testing3/, paces 5 to 8. However, as not all montmorillonites (cr ben- 
tonites, as the term is used in the trade) are bleachers, the quickest posi- 
tive identification is an oil-bleaching test. 


Part 2, TOST METHODS 
As statcd above, the tests are of two types, rercoletion and contact, 


following the two different precedures used industrially. For industrial pur- 
poses the tests must be conductcd in such a manner as to ‘permit eveluaticn of 


3/ Work cited in footnete 2. 
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several factors aside from the decolorizing effect of the clay. Such factors 
are determination of the best operating conditions for any given oil stock, 
optimum conditions for 4a given stock with the individual equipment in use at 
the plant, control of the general plant operations, and the relative effi- 
ciencies of different absorbent clays under existing plant operations. 


In evaluating clay efficiencies, several items are important, such as oil 
retention, calcining temperatures, filtration temperatures, weights after cal- 
cining. filter washing, time of contact or rate of percolation, and total 
yields. All of these items are needed for obtaining the cost. data necessery 

for plant operation. 


Contact Methods 
1. Vegetable Oils 


The American Oil Chemists’ Societyt/ has adopted the following bleaching 
procedure, applicable to cottonseed oil. For other cils the same apparatus 
is employed, but there is some difference in procedure. The officiel methods 
should be ‘consulted for such oils. _ 


A.O.C.S. Official Method Ce bt NS. Bleaching Test. 
Definition: This method determines the color of the sample after 
treatment with a specified bleaching earth under the conditions 

- of this test. | 
‘Scope: Applicable to refined cottonseed oil. 
A, Appératus and supplies: 
1. Balance, torsion type or equivalent, capacity 1,000 g. and 
sensitive to 0.1 g. : 


2, Balance voights, 0.1 to 500 Ze 


3. Refining cups, stainless-steel, seamless or enameled iron, 
| with handle, 4 to 4.5 inches diameter, 4 to 4.5 inches 
deep, total capacity. ca 900 ml... 


4, Bleaching apparatus, which may be similar in design and 
construction to the Refining Apparatus (A,0.C.S. Official 
Method Ca 92-41). (Sce' figs. 1 and 2.) The essential 
features of the bleaching apparatus are? 


a. T-shaped paddies ‘constructed of a aches stecl, 

- nickel-plated copper or brass (heavily coated) ‘with 
0.5 x 3.5-inch blade sect at right angles” to the shaft 
of the paddle. - 

be. The paddies are driven at 200 +10 r.p.m. by any con- 
venicnt means. 

c. A heat source is required that will permit heating 
the samples to 120° C. in not more than 5 minutes and 
maintaining them at. not less than 105°.C. Either gas 
or electrical heat is satisfactory. _ | 


~U/ Official and Tentative Methods of the American Oil Chemists’ Society, 2d 


ede, 1946, Official Method Cc 8a-h6. 
2ho4 = 6 - 
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Figure |. - Bleaching apparatus. 
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Figure 2. - Paddle for refining apparatus. 
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Figure 3. - Wesson-type colorimeter. 
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Official Fuller's Earth, tested and approved by the desig- 
nated Committee of the American Oil Chemists' Society. A 
fresh supply must be obtained from the office of.the 
secrevary or the Socicty August 1 of each year. 


rilter paver, 250 mm. (10-inch), of fine porosity, such 
as i & D No. 192, Reeve-Argel No. 871, Whatman No. 12, or 
S. & S. No. 596. ; 


Colorinmeter, color glasses, and color tubes és svecified 
in A.O.C.S. Official Method Ce 13b-45. 


Laboratory thermometer, O° to 150° ‘on 


B. Procedure: 


Ly 


A.O.C.S, Official Method Cc 13b-4 


Weigh 200 g. of the cil sample into refining cup. Add 


6 vercent (18.0 ¢.) of Official Fuller's Earth. 


Commence stirring at 250 + 10 r.p.m. and heat immediately 


‘to 120° C., requiring not more than 5 minutes. Continus 


stirring at the same rate for 5 minutes. Do not allow 
the temperature of the sample to drop below 105° C. during 
this period. 


Filter throucth a dry filter rarer. Allow a sufficient 
amount to pass through the filter paner to become entirely 
clear. Then collect a sufficient amount to fill a color 
tube to the 133.35 mm. etched marx. 5 


Determine the color as directed in A.C.C.S5S. Official Method, 
Ce 13b-45. 


Color. Wesson Method, 


on“ 


Using Lovibond Glasses. 


Detinition: This method determines the color by comparison with 
glasses of known color characteristics. 


Scope: 


Applicable to all normal fats and oils, providing no 


turbidity is present in the sample. 


A. _Apparatus: 


1. Wesson-type colorineter constructed as shown in the illus- 


tration. (See fig. 3.) The instrument consists of a light- 
proof box with a dull-black interior, illuminated by a 100- 
watt, blue, frosted, Mazda, electric-light bulb. 


a. A block of mignesia 1 x 2-3/4 x 3-3/4 inches is placed 
in the designated location and at the proper angle to 
reflect the light from the electric bulb vertically 
upward through the color tube and coior glasses. 

tb. The eye piece is finished with a dull-bitck interior 
and fits over (outside) the rectanguler top of the 
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tube holder, so that the light passes through the color 
tube and color glasses. Eye pieces with split fields _ 
are not permitted. . | 

c, The tube holder (1 inch i.d.) is fitted with 13/16 i.d. 

‘rings at the bottom. One ring is to retain the color 
tube containing the cil sample, and the other is to 
permit an equal amount of eee to reach the color 
glasses. 

d. The Stevenson colorimeter (see note 3) conforms to 
these specifications and is approved. This instru- 
ment contains a magazine for holding the color glasses, 
thus minimizing breakage, soiling, and scratching. 


2. The colorimeter is maintained in a booth or cabinet not 
less than 40 inches wide and 30 inches deep. The booth or 
cabinet is closed, so that no external light can enter. 
The inside of the booth is painted a dull neutral grey of 

Munsell value’ 4, 

The booth is illuminated by a 15-watt daylight bulb 
mounted 48 inches above the colorimeter box in an indirect 
fixture, so that no direct rays strike the colorimeter or 
the eye of the reader. The level of illumination in the 
booth, at top of the tox of the colorimeter, is to be not 

‘less than one nor more than five foot cendies. 


3. Color glasses, red and yellow, of suitable numbers to match 
_ the color of the oils to be examined. Red glasses must be 

standardized by the U. S. Bureau of Standards (Washington, 
D. C.) or the Electrical Testing Laboratories (East End 
Ave. and 79th St., New York,'N. Y.). Glasses above 1.0 
red need not have the exact value shown in the table below. 
The minimum: standard set consists of the following numbers 
of ved and yellow glasses: 


Redz. 0:1 0.20.3 0.4 0.5. 0.6 0.7 0.8. 0.9 © 
| 12020 255. (350° 325: “4407 -5.0' 5620° “750 
7-6 8.0 9.0 10.0 11.0 12.0 16.0 20.0 
Yellow: 1,0 2.0 3.0 3-0 10.0 15. 0 20.0 35.0 50.0 70.0. 


Caution: Keep the color glasses sees and free from oil 
film. Handle carefully and protect against acquiring 
scratches. It is especially imoortent that every color 
glass used be clean at the time of use. 


4, Color tubes of clear, colorless glass with a smooth, flat, 
polished bottom and of the following dimensions: length 
154 mm. over &11, inside diameter 19 mm., outside diameter 
e2 mm The color tubes are provided with two etched marks, 
one to indicate an ofl column of 133.35 mm. (5.25 inches) 
and another to indicate an oil colin of 25.4 mm. (1 inch). 
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Filter parer, fine porosity such as Eaton & Dikeman No. 
192, Wha*man No. le, Reeve-Anzsel Te. Cl or Se & Se Tos 


596. 


Procedure: : 


The s@ampie must be absclutely clear ot, riiter : 


ries aa & 
through 6 svecified paper (see A, 5) at the temperature 


designated fcr reading. 


~ a 


Fill a color tube with the cample to the 133.35 mm. etched 
mark. Adjust the temperature to 22° + 2° C. and read at 


this temrertture. If the sample is. not completely liquid 


at 229 + 2° C., heat to a temperature of not mere than 10° 


C. above the point of complete melting (see Note 2). 


Place the tube containing the sample in the colorimeter. 
anil plece aloneside of it such red and yellow glasses (see 
paragrevhs c and b) as are nececsary to match the bright- 
ness of the oil, observing the colcers of the oil and 
glasess througn the aventece. 


&,. Rerined oil. Use cniy 2 yollow slass, 35 yellow for 
ined cottonseed cil era refined peanut oil, 70 
oS ae refine soybean oil. Use aot more than O- 


can "3 ee sipesee auOue 13.0 red. 


_b. Refined and bleached oil. The ratio of yellow to red 


Bs 


to be used in determining color as follows, except 
where Trading Rules specify the yc a w and/or. red to 
be used in actormining given grade Ss ) 


Cottonseed, peanut, 10 yellow to 1 red up to 2.5 red. 
anc. corn ois 35 yellov for 3.5 red or a | 


) 
Coconzt and pela 6 vellow to 1 red up to 3.9 red. © 
cornell oLls 19 yellow to l rel for .3.9 red cor 


- above, 


Soybean oil 10 yellow. to 1 red up to 3.5 red. 
7O yellow for 3.5 red or above 


Tallows, greases, LO yellow to l red uo to 3.5 read. 
fatty acids, etc. 35 yellow for 3.5 to 5.0 red, inci. 
7O vellow for above 9.0 red. 


Natess 


ee, 


Off-colcr (hue) cils. Some oils, esnocially soybean, are 
at times subJcct to abnormalitics in the composition of 
their pigment content. This results in the occurrence of 
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hues which cannot be even approximately matched by using 
the fixed yellow or yellow-to-red ratio designated above. 
Tn such cases, if a standard combination is specified (as, 
for exemple, prime), report whether the oil is- lighter or 
darkes than the standard. If & standard combination is 
not syecirfied, report the yellow and red glasses which 
most nearly match the color of the sample. 


2. Dark oils. If the color of the oil or fat sample exceeds 
40.0 red when using the regular 133.35 um, colum, fill 
another tube to the 25.4 mm. mark and read the cclor under 

the same conditions as described for the longer cclumn. 
It is assumed that any color result in which the colwm 
height is not designated has been read on e@ 133.35 m. 

colum. Only when the color has been read on a 25,4 ma. 
colum is it necessary to svecify the length of column. 


2. The Stevenson colorimeter, Procter & Garible Co., "Oil 
and Soap", 13, 18-20 (1936). 


e, Petroleum Oils. 


The following descriptions of apparatus ane instructions are through the 
courtesy of the Filtrol Corporation: 


Laboretory Testing: 


It is vital to the refiner who uses a bleaching adsorbent 
that the letter not only is high in quality but that each lot he 
receives has the same quality as the previous lot. In the activa- 
tion of Filtrol adsorbents, advantage is taken of the ability to 
regulate decolcrizing pcower and other edsorbent properties. As 

_ as been described clsewhcre, it is possible to regulate these 
characteristics within narrow limits and at will. The control of 
quality therefrom becomes important, but it is also quite involved. 


The Filtrol Corporetion mintains a sta?f of experienced 
chemists whose duty it is to see that each lot of adsorbent mects 
certain rigid product specifications. This requircs teste on the 
adsorbent at progressive stages of its manufacture as well @s 
tests on the finished material. Tests applied to Filtrol adsorbents 
to assure conformance with product specifications are: 


Decolorizing power 
Volatile matter 


Particle size 
Acidity 


A bricf description of each of these will be given here. If the 
details of the methods are desired, they can be obtained by writing 
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to the sales managor of Filt: “61 Corporetion, 634 South opring 
Street, Los Angeles oe, Calif. 


Laboratory Control of F 


ro. Adsorbent Manureacture? 


Decolorizing power. - The decolorizing power of the adsor- 
bent is gaged by determining the color produced when various 
quentitics cf adscrbcnt arc added to a given oil, the mixture 
being properly aritateda undcr given conditions of time, tempera- 
ture, and specd. Following this contact pericd, the adsorbent 
is filtered from the oil. Knowing the amount of a standard ._ 
adsorbent reqguircd to produce cquivalent colors on the finished 
oil, the relative decolorizing pcwer of the adsorbent being 
tested can then be determined and is usually expressed as percent 
of the standard. 


Volatile matter. - The percentage loss in weight of a given 
samole of adsorbent after ignition at 1,700° F. for 20 minutes is 
taken as the percent volatile matter of the adsorbent. Tree mois- 
ture and water of hydration constitute essentially all of the 
volatile matter. 


Particle size. - The percentage of adsorbent passing through 
&@ given standard meas uring screen, wWnich is viprated on the conven- 
tional Ro-Tap, is talicen as tie mesh value for that narticular 
screen. Usually, 200 and 525 (ore the particie sizes used. 


Acidity. - The acidity of the adsorbent is expressed as the 
weight of potassium hydroxids iu milligrams reguired to neutralize 
a gram of adsorbent, phenolphthalein being use? as indicator. 
Titration is made on an extract obtained by boiling the udsorbent 
With distilled water, from which it is siwseqgquently removed by 
filtration. 


Laboretory testing by the oil rerviner. - The following test 


method may be used ror obtaining an accurate cveluation of the 
conditions necessary for securing mximum efficiency in the appli- 
cation of the contact proccss. : 
Apparatus for closed unit contacting 
1. Contactor. 
2. Filtering apparatus. 


3. Color machine: The type of instrument preferred for meas- 
uring color depends largely on the nature of the work, i.e., plant 
control, research, etc. Greatest accuracy is obtained by optical- 
density color methods; hence, these will serve best for technical 
studies of a research nature. For routine plant control it is satis- 
ractory to use @ commercial color test, of which the Tag-Robinson 
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and Lovi-oond methods are to be preferred, as these in some measures 
express color density. The iN,P.A. color accuracy may be increased 
to &@ marked degree by the adoption of one-quarter shade chemical 
standards to supplement the usual full and half number_A.S.T.M. 
color glasses. The apparatus as pictured consists of an iron or 
stainless-steel pot of about 300: ml. capacity, which, during the 
test, is attached to a fixed head in the contactcr assembly. Also — 
attached to the fixed head are a steam inlet tube, mechanical 
stirrer, and a metal, water-cooled condenser. (See fig. 4.) 


Procedure: 


1. * Weteh 300 Exons, of the oil to be bleached sae, the con=_ 
vector pot. 


2. Add weighed portion of the adsorbent ‘corresponding to the 
‘desired adsorbent ‘losage toa the cil.': , 


3. Assemble apparatus. 
4, Contacting cycle to be as follows: 


| Preliminary: Blow superheated steam line free of con- 
densed water. When contactor pot with the oil-adsorbent 
mixture is screwed in place, the stirrer is adjusted to give 
uniform agitation at a moderate rate throughout the entire 
cycle. Note time when heat is applied. 


Zero time: Heat is applied at a uniform rate. The 
burner adjustment is not changed. until maximum temperature 
is reached. The average rate of temperature r rise is approxi- > 
mately 50° F. per minute. 


3 minutes at 300° F.: The superheated steam is admitted 
and adjusted to give a condensed steam overhead, of approxi- | 
mately 1 ml. per minute. The volume at the end of the contact 
period should be between 15 and 20 ral. 


10 minutes at 550° ~s* The average time to reach maxi- 
mum temperature is 10 minutes; allowing for. a 10° lag,. burner. 
should be adjusted at 540° F. Temperature is maintained at 
550° + 2 for 10 minutes, + 15 seconds. 


15 minutes at 550° F.:% Flame extinguished and door of 
flame guard opened. 


22 minutes (approximately) at 440° F.: Turn out ‘super - 
heated steam from oil-adsorbent mixture. | | 
*Bright stock type oils, contact temperature approximately ao F. | 
Neutral stock type oils, contact temperature approximately 320° Fey Filter 
temperature 250° F, 
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25 minutes (apvroximately) at 350° F.: Stop stirrer, 
remove contactor not from assenbled apparatus, aud filter 
contacted oil ijimmeainately through a suction funnel. 


5. Color determination: 


After filtering, the finiched oil is placed in a ‘t-oz. . 
sample bottle, stoppered, and allowed-to cool to room tempera- | 
ture. Color of the finished oil is determined. 


Optimum contacting temperature: A series of contacts 
using a fixed adsorbent: dosege and varying the top contacting 
temperature may be made. These contects should be evaluated 
cn the besis of color renovel and overhead loss (if excessive 


at higher tenperatures ). 


Optimun contact time: Select the teimersture from the 
previous series thet gave the best results and, using this 
tomperatur2 andi a fixed cdsorbent dosage, vary tire contact 
time. Using the same standards as before, the | optimum con- 
tact time may fre selected. 


When the optimum contact conditions of time and tempera-.- 
ture nae been determined, @ series of contacts may ve mace by 
varying vhe clay dcsage in order to cetermine the propor 
amount of adsorbent to use in order to reach desired color > 
level. : 


3. Vegetable and Mineral Oils. 


The following mothcas and epreratus were ceveloped by the Bureau of Mines 
for evaluation of clays. They were develoved from the standpoint of the clay 
laboratory rathcr than for industrial work. The primary interest here is the 
relative merits of clays for the feneral purnose of bleaching. There is no 
particular need for the pee aACCUrAacy Eonoyee in indus trial control. 

A. The first method gives an qe inten on both bleaching efficiency and oil 
retention and is particularly good with vegct2ble oils but lacks accuracy with 
petroleum oils, as the mixture of oil and clay exposed to air during -the 
stirring, anc the mincral oil tends to darken.2 

-1l. Bleach test. 300 grams of oil are weighed into a mixing cup, heated 
to 120° c., and 6 vercent of official fuller's carth (A,0.C.S.) is edded. 

The mixture is stirred mechanically at 250 r.p.m. + 10 for 5 minutes, not 
allowing the temporature to fall below 105° C., and is filtered throvgh paper. 
The oil is then given a color rating in a colorimeter. 


Good, William W., Study of Controi Tests in the Contact Process of 
Decolorizing Edible Oils: Unpublished thesis submitted for master's 
degree, University of Alabama. Work done under supervision of Dr. S. J. 
Broderick, Bureau of Mines, 1941. 
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2. Oil retention. If an oil-retention evaluation is desired, the follow- 
ing procecure is employed: The oil is decolorized as above, and et the end of 
the agitation veriod the clay-oil mixture is transferred to a Seitz filter, 
as shown in figure 5. Whatman No. 1 filter paper is used. Suction is then 
applied by a Cenco-Megavec pump or similar:apreratus. The Seitz-Tilter is 
enclosed by @ heater, also chown in figure 5. 


The heater is so regulated by a rheostat that the cake temperature is 
maintained at 70° C., measured by a thermometer with bulb resting on top of 
the filter cake. By filtering at the constant temperature, runs do not vary 
more than 0.5 percent on oi] retention. A fixed time of 2 hours for the 
filtering will te found satisfactory, the recording of the time teginning 
after the free oil passes through the filter cake. 


The filter cake is then removed and weighed. ‘The weicht of the original 
clay subtracted from the weight of the cake gives the weight of oil retained. 
The weight of the oil retained multinlied by 100 and divided by the weight of 
the cake gives the percentage of oil retention in the cake. 


A Buechner Piiter might be used but is unsatisfactory, as- compered to 
the Seitz, as the filter paper cannot be clamped down and the ratio of the 
area of the opening in the bottom is small compared to that in the Seitz 


Temperatures above 70° C. are likely to result in cracking of the filter 
cake, with subsequent: dccrease of the vacuum end consequent erratic results. 
Moreover, with temperatures in excess of 70° C., spontaneous combustion my 
occur with some clays when using vegetable oils. 


The matter of spontaneous combustion is important commercially wnen 
clarifying vegetable oils. In the industrial processing, the filter cakes 
are “blown out" with air after filtering. Some of tho oil-impregnated 
fuller's earths (notably those of the Alum Bluff formation in Georgia and 
Florida) will catch fire under these conditions. To determine clays of this 
nature it is only neccessary to modify the laboratory procedure given above by 
holding the filter cake at 100° C. instcad of 70° C. If combustion docs not 
take place in the 2-hour interval of filtering, the clay decs not have the 
characteristic of causing spontaneous combustion. Those that do, usually fire 
in about threc-quarters to-one hour. ; ao pe | 


B. The second method is one for decolorizing. No special apparatus is 
required, and the test my be made with ea minimum or time: and observationG/, 
It has been found to be unusually good for work in the clay laboratory, and 
comparisons with the-hot-contact method indicate that it may be uscful for 
plant-control purposes. | | | 


Essentially, the method consists in mixing the sample of clay with a 
standard oil, shaking in an Erhlonmeyer flask, filtering, and testing the cil 


6/ Ross, D. We, Identification and Evaluation of Bleaching Clays: Bureau of 
‘Mines Rept. of Investigations 4295, 1948, 26 pp. 
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Figure 5. - Seitz filter. 
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for color. The method aprlies equally well to any oil stock end to any clay, 
whether in the raw or activated states. Although the various individual steps 
in the precedure are rot critical. in that other sizings of the sample, -tem- 
perature, and time mar be different from the reccommended procedure, uniform 
conditions must alvays be employed. The recommended procedure is as follows: 


1. Sample preparation. The material is ground through 150-mesh screen. 
A somewhat coarser grind does Jess bleaching, and a finer grind more.” Samples 
of 10 to 25 grams ere handled conveniently in a 250-ml. flask. However, for 
greater accuracy, € 50-gram sample may be employed, using a larger flask. 


In many instances it is desired to test the cla:z7 in the activated state 
..@8 well as the raw. To activate the clay, take a 50-gram sample of the dry 
1Q0-mesh material and add it to 296 m. of distilled water. ‘Then add slowly 
sufficient concentrated sulfuric acid (95 percent .HoS0,, grav rity 1.84) to 

rake a total volume o: 300 ml. his is conveniently done in a 600-ml. beaker. 


The mixture is then brought tc a botl end kept boiling 1 hour. The vol- 
ums of 300 ml. should be Inopt arpreoximately constant by adding distilled water 
at intervals. At the end of an hour, decant while hot. Refill with water 
and decant again, end an 4k to 5 times. Then pour. through a filter and 
wash the residue helf a doz Times. Dey the residue to constant weight at 
105° to 110°C. and procecd “with che decclorizing test as outlined above.. 

2. Drying of sample. ‘The ary ing temperature of 105° to 110° C. was 
adopted, as it is a temperature used almost universally in chemical laborato- 
ries, If dried to constant weight at this temperature, all but traces of 
mechanically held moisture are driven off. Moistur¢ in @ sample has a very 
direct relation to decolorizing, partic ularly in laboratory testing at room 
temperatures. The more moisture, the less the bleaching power. . Above 110° 
C., suall amounts of moisture cxist up to the pcint where the chemically com- 
bined water of the clay is given cff, 450° to 600°C, von these small 
amounts above 110° C. havé a noticceble effect upon the dceclorizing, but it 
is very slight, compared to the moisture retained below 110° C. Many. labo- 
ratories preier to ary at 150° to 160° C. to constant weight, as. the equivalent 
loss at 110° c, may be obtained in a few hours, as compared to about 5 days 
at 110° Cc. The stenderd clay or official sample employed for reference should 
also be dried at the same temperature adopted for the souore: 


8. Standard oil stock, A sufficient amount of stock should. pe kept to 
permit testing a large number of samples. When a new supply is obtained it 
should be checked for color and viscosity against the old stock. A gallon of 
tegt oil should be sufficient for 100 to 200 tests. For vegetable oils, a 
refined but not clarified cottonseed oil serves as a good stock. For petro- 
leum oils, a refined but unclarified stock.of comparatively low viscosity 
containing not over 0.5 percent sulfur is satisfactory. High-viscosity stocks 
are very slow in filtering. However, the most satisfactory stock will be found 
‘to be @ crude oi] of low: viscosity, such as Kettleman crude from California 
(neutral, sp. gr. 40.3° Be). This was used in developing the preseht test. 
Dr. P. G. Nutting employed this stock in running testc.on several thousend 
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clays for the Federal Geological Survey.1/ Because of the dark color of the 
crude oils, it is necessary to dilute with water white gasoline, naptha, or 
- benzol. With the Kettleman crude, the proportion of about 4 ml. per gram of 
clay will be found satisfactory. The amount of oil concentration will te 
pane om, O.1 ml. to i. 0 a per ope of: clay. 


To determine whether or ee. a clay is of the bleaching type, an oil cone 
‘centration of 0.2 ml. per gram of clay is useful. If the clay is a bleacher, 
‘then several increasing concentrations should te tried in order to determine 
the full bleaching range of the clay. Meny clays have short ranges and would 

not be suitable for. commercial usage. | 


Several concentrations may be added to separate portions of a clay sample, 
and all treated at the same time; or one may start 3 single sample at the 
lowest concentration and, aftcr decolorizing, filtering, and testing for color, 
pour the oil: and clay residuc back into the flask with the next higher oil 
concentration and repeat the process. The latter method is, of course, time- 
consuming. 


4, Mixing. The clay-oil-benzol mixture is placed jin an Ehrlenmeyer 
flask, the flask stoppered and placed in a laboratory mechanical shaker, and 
shaken for an hour. ‘If @ mechanical shaker is not available, then the equiva- 
lent agitation ray be obtained by vigorously hand-shaking the flask or flask 
every 10 minutes for 2 period of 2 hours. Less time than the above will cause 
&@ very appreciable lowering of the decolorizing effect and less accuracy in 
eee eee -More time than this hes very little cffect. 


cs “Filtering. Ordinsey.ctass funnels are uscd with a filter peper suit- 
able for fine-grained to medium precipitation. Buechner funncls may be used; 
but with sa el i ge ican the ordinary funnels filter in reasonably short 
Mane | mt oh 


| 6. Color test. The filtered oil is now ready for the color test. Any 
colorimeter that has been accepted standard by the oil industry may be uscd, 
or one may set up a standard of one's own. The color tests and colorimeters 
will be discussed more pally tele _ | 


-Porcoletion ietnoas 
bs THauate iA. Method 
The: > following equipmont and procedure are used t by the - ae sate al Company Bf 


It should ‘be ee | at the pues that probicms involvin 
laboratory percolation filtration fall, gencrally speaking, within 
two broad classes, differing chiefly in the matter of the scale 
upon which the tests are conducted. These classifications ans 
described as follows: - var 2 


Nutting, P, G., Rasorbent Clays,- Their. Distribution, Properties; Produc- 
‘tion, and Uses: Gcol. Survey Bull. 928-C, 1943,.pp. 127-221." 

8/ Research ana Developnent Department, Attapulgus Clay Co., Absorbent. Testing 

and Its Application to Refining Problems: 1940, 12 pp. 


hoy eG: xe 


Google 


5g - 


14° Ee Mh Py - 05°. 


-F Wer Cells 


Google 


Figure 6. 


2494 


I.C. [475 
(1) Comparative efficiency and filterability tests, in whici 
the problem is essentially one or obtaining comparative yield. or 


etficiency data without the necessity of correlating leboratorv and 
plant results, and, 7 7 


(2) Processing tests, in which are involved the correlation: 
of plant and Jeboratory yields, the preduction of oil for inspection 
or subsequent processing, or the study of adsorbent regeneration. 


As previously stated, the problems to which these techn 
ray ve epyolied differ primarily in the scele on whicn the te 
run, and it is proposed * * * to discuss each in turn, aid to point 
out some of the uges to which they * * * may be. utilized to edvan- 
tere by tne refinery laboratory. . 


1 ps 


A. . Description of Laboratory Percolation Techniques 
(1) Commaretive Efficiency and Filterabil-:ty Tests 


Tne apparatus recommendscd for, use in-tests cf this nature is 
shown. (Sce fig. 6.) It consists of a series of eight filters 
1-1/2 inches in ciameter and 18-1,/2 inches long inserted in a@ water 
bath heated, by steam. Each filter is cauirped with a brass cap 
containing a resdle valve for close adgusiment of the rate of perco- 
iation, wnereas & section of 100-mesh screen welded into: the cap 
acts 283 2 support for the adsorbent. The filters should be mounted 
orn a table at leest 37 inches high, and should be nlaced in a posi- 
tion affording gocd illuminacion for both dary and night work. 


Auxiliary. cauirment:inclides a tamping rod; A.S.T.M. color 
comparator and color standards (1/4 shade intervals); 50 end 250 
ce. graduated cylinders; balance sonsitive to 1/6 gram; interval 
timer; and the requisite Zeca and comvosite bottics. A graduated 
metal containcr in which the adscrbent may be woizhed also hes becn 
Found to de helprul. * * *. | - 


The follewing procedure is folloved in conducting percolations. 
Strict a@iherence to details is essontial to the ovtaining of the 


mam 


high degree ov vrecision which the method arfcrcs. 


1. Adjust the -tath to the required temperature. The tempera- 
turc should be maintained at plus or.minus 1% throughout the test. 
2, Thorcughly clean the filter tubes, valves, and glassware, 
and assemole filters. Cpen velves halfway. Fill tho charging 
bottles (32 oz.) with the charging solution or cil, cork, and place 
in a-convenicnt lecation. : | : _ 


3. Assemble the adsorbent samples to ve testad, and prepars 
the filtration data cards, cntering all required data in ink. 
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4, Tere the weighing conteiner and accurately weigh the 
amount of adsorbent thet will give a colum height of 16-3/1, 
(As all filters ere run on equai volumes, it will be found con- 
venient to mark the container with @ graduation decigneting the 
level reached by the standard volums. For No. 1 fuller's earth, 
the @émount required is approximately 200 grams; for bauxites, 
about 375 grams.) | ae 8 | 


--5. Place one-third of the adsorbent in 2 funnel, the outlet 
of which is corked. Remove the stopper and permit the material 
to flow into the filter tube. Insert the tamping rod and allow 
it to drop freely into the filter tube three times, guiding it 
lightly with the fingers. (Tamping is a vital part of the pnerco- 
lation test, and the technique should be carefully standardized, ) 
Add another one-third portion of the adsorbent and repeat the 
tamping. The final portion is charged to the filter in the same 
manner. When charging is completed, measure and record the out- 
age in each tube. 


6. Invert the charge bottles over the filters, allowing 
them to rest on top of the tubes. Record the time of starting. 
and the time at which the filters show through. The filters 
should all show through at about the same time, and any filter 
that manifests a too-wide variation should be discarded. Solu- 
tion filters should be shut in for 3 minutes arter showing through 
and then be restarted, the rate being adjusted in accordance witn - 
% * *, (Fig. ie ) ; 


Te Collect ‘the filtrate in 250 cc. cuts. As one graduate 
becomes filled, move another in its place and empty the first 
into the composite bottle after recording the exact volume and | 
temperature of the fraction and the time at which it was taken. 
Return the empty graduate to its place on the filter table ready 
for use anger ey same filter. 


8, Shake the composite bottles Phorouchily and pour a 50 cc. 
sample into the color test class. Place the color test glass in 
the comparator and determine the ASTM color. After the color has 
been recorded, return the sample to the proper composite bottle. 


9. When the composite color approaches 4 ASTM., replace the 
250 cc. craduates with cylinders of 50 cc, capacity and reduce the 
volume of the cuts to 50 cc. As the composite color nears 5, 
reduce the fractions to 5 cc., thoroughly mixing the composite 
after each cut is added and before the sample for color. determina- 
tion is withdraw. (If the yicld is to be detcrmined at some color 
darker than 5, the reduction in volume of the fractions is, of 
course, made when the composite color is one shade lighter than 
the finished color desired.) 
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Figure 8. - Apparatus for use in conducting laboratory percolation. 
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1). From the total yielc te 5 color and the veight of adsor- 
bent charged, calculate the yield as berrels per ton (cc./szrem x 

5.71). Calculate also the yield in barrels per thousand cubic feet 
volime weigh? 


), &nd enter the yield deta on the filter 


CGY. dr 2 ields et other colors are desired, prepare a plot of 
fs@lda vs. cormosite color from the filter card data, end read the 
rields at the desired color from the curve. (Yields obtained in 
is manner are not to be regarded as possessing the same accuracy 
4S these experimentally determined at. the final color.) 
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on is completed, remove the feed bottle 
and Gllow the filter to ive ain. When most of the ofl has run ov 
the rilter may be dumped. Ir the adsorbent is to be reviviried, 
ollow the een Grain thoroughly, and invert a l-pint bottle 
Filled with solvent navitha in the tov of the tube. When the 
necnctha snows aes Nllow to scat: for 20 minutes end then rermit 
che naphths to drain from the coluzsm. Next, cyen the bottom valve 
fide, screw on the con caus, and steam until the oe V2poy. as 
Ollefree. Shut off the steam and plast with air until the clay is 
sree-flowirg. Dump the filter and pachkacce and seer. ne adsorbent. 


li. When the i1trat 


The atbove-outl? ined EGcti. with rigid adherence to aotails, 
affords a hig dcgrce of precision, and an experienced operator 
can be expected co maliutain un accuracy of within plus or minus 
2 percent. The apruratus is of convenient desipm and may be 
fabricated quite economically. (Sex fig. 6.) Whe provision of 
controlled electric heating and of manifolds fox the supply of 
steam and @ir to the individual filters is grestly to be desired, 


= 


although, for many applications, they may be cisponsed with. 


Anong the numerous applications to which the procedure is 
suited are the testing of clay and bauxite reccipts; the evuluu- 
tion of clay @nd bauxite complies ec? various buconing numbers; the 

4- 


control of adsorbent regencration and of filter washing; and the 
study or reseerch ad development oropj.ioems involving vercolation 
in which the quantities of material availeble for test are limited. 


(2) Processing Tests 


A suggested apparatus for use in conducting laboratory perco- 
lation or a somewhat larger scle is shown (fig. &) and comprises 
eight tutes 2 inches in diameter by 31- 1/2 inches in height ses in 
an oil bath which is heated, both by steam coils and by electric 
immersion heaters thermostatically controlled. A steam-heated 
cabinet is mounted on top or the bath as en aid in straight ae 
lation work, while the bottom o? the bank is likewise enclosed‘ an 
heated, thereby greatly facilitating the filtration of waxes and 
vetrolatum, Hach filter is equipped with an adapter, which makes 
possible the insertion of smailer-dimater tubes for work on @ 
smaller scele, and cach is likewise provided with steam and air 
inlets for use in rsceneretion. 
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The filter caps and other accessories are essentially similar 
to those previously described. Another feature, however, is the 
pressure tank et the left of the bank, which is connected tc the 
tubes by means of the steam manifold and which makes it pessible 
to operate the filters under pressure through the use of a cylinder 
of inert gas. 


th 12 seposaue employed in conducting percolation tests on this 
scale is, in most respects, ccmperable to thet which has been out- 
lined above, The filters ere charged to @ height of 25-3/h inches, 
requiring epproximately 570 erams of No. 1 fuller’s earth or 1,050 
grams of bauxite. After showing through, the filters are shut in 
for 20 minutes and ere then yvermitted to flow at a rate of 15 cc/- 
minute for fuller's earthand 8 cc/minute for bauxite. In the event 
of a reduced colum height, as is encountered, for agile: in 
running revivification series, the rate is adjusted in accordance 
with the curves -in (fig. 9), which shows’ the rates that are imncsed 
in the perc olation of materials other the n cylindcr stock solutions. 


The utilization of this — of apparatus is desirable in con- 
nection with problens in which the correletion of laboratory and 
plant results is of importance. It is also, of course, suitcd to 
problems in which the production of considerable finished oil is a 
requisite, as in the solution percolation of a stock for subsequent 
reduction and straight finishing. Its utility in research and 
development work, involving study of high terporatures and pres- 
sures, is also vines | 


While the sae of plant and laboratory fllter yields 
is admittedly a problem for the individual refinery, owing to the 
variation in equipment, operating conditions, stocks, etc., it 
has, nevertheless, becn possible, through the use of this techni- 
que, to achieve what is ieat to ae a highly satisfactory degree of 
correlation. 


“It may be staicd that 211 of the percolation problems with 
which the refinery. laboratory is likely to be ccnfronted may be 
resolved through the use of one or the other of the foregoing 
techniques. Nearly all of such problems, however, call, in eddi- 
tion to filtration data, for determination of ccrtain physical 
characteristics of the adsorbents undergoing test. These include 
determinations on grain size, volume MEAEHES volatile matter, and 
abrasion SIT eCver SoUlcee:, 


B. Application of Adsorbent esting Techniques to Refinery Problems 
(1). Evaluation of _Adsorbent Receipts 


It is a duty of oe every laboratory to maintain a check 
upon the quality of shipments of adsorbent materials received at 
the refinery and to compare the characteristics of competitive 
products or of different types of filtering media. The smiller- 
scale procedure thet has been discussed is admirably suited to 
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this type of problem, and it.is proposcd here merely to point out 
certain precautions that haves oe round essential to accurate 
testing and to enumerate the data thet” shor ‘ld be obtained. 


A prime vequigite in attacking problems of this neture is the 

eer ani edoption of a reference standard to which the values 

F all samples testea mey be releted in torms of percent efficiency. 
Tht standard material, fullers carth or bauxite, as the case mey 
be’, shouid be absolutely uniform, and a sufficient quantity should 
be obtained and mixed to serve the needs of the laboratory fcr 
several vecors. It should, preferably, be material as received at 
the refinery, slchouch many leboratories will find it more conven- 
ient to utilize a sample from the first plane pens of the eadecr- 
bent, 


A sample of the reference standard material should be rtm with 
every sect of filtrations, instead of using it for the standardiza- 
tion of 2 qguantisy of test stock and referring yields ob<va&ined on 
tect samples rin cubsequently to the standard yield obtained, per- 
hers, sore’ weelis carlier, Exvertence has taught that the inclusion 
of a filter of the reference standard in every set run is the only 
certain method of chviating the inevitable inaccuracies that are. 
introduced by slight deviations in charge’ stocx, column sete etc. 


? The column hcight of the standard filter should always be 
identical with thet cof the sample widergoing test. If new meterial 
is employed as the standard, it should firet be turned in accordance 
with the recommended procedvre. If, on the other hand, the standard 
is a plant-burned No. 1 sample, it suffices to bring it to a ten- 
perature of 400° re, mainteining it at this temmercture for 30 
minutes. Wo devietion from this requirement cf peoliminary drying 
is permissible. : 


Given a setisfactory reference standard, the testing of adsor- 
bent receipts and of miscellaneous samples rcsolves itself into 
carerul sampling of the patch to be tested; preliminary burning bi 
the standard procedure; screening to remove rincs produced in the 
burning; and determination of the vercolation cerficiency in terms 
of the standard. In all comparisons o this nature, the mesh size 
of the samples bein compared should be substantially identical, 
and it is important that artificially produced fines he ‘removed 


Sion to tcetin. 


Por most of these routine evaluations a 60/0 QO solution cf 
crlinder stock in solvent naphtha is recommended as tne test stock. 
ac Aarau chould be compared at filtration temperatures of 135° 

T,, bauxite samples at 180° 7. The use of the lowor filter rates 
shown in (fig. 7) is ossential to the satisfs \ctory. testing of new 
bauxite samples, a3, otherwise, the early wbreak” in the cast of 
the *iltrate will render the accurace. reading oo” tne final color 
extremely difficult. 
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In addition to percolation efficiency, adsorbent receipts 
should be tested fox volatile matter, mesh size, volume eee 
arter calcining, end resistance to abrasion. | 


(2) Control of Fuller's endn Basniae 


The contxol of fuller's earthburning through examination, at 
frequent intervals, of samples of earth of various burn numbers is 
likewise an important function of the refinery laboratory, in con- 
nection with which the materiel presented in this discussion is of 
Cecided pertinency. As a matter of routine, it is recommended that 
monthly composite samples be collected representing 211 of the 
burning numbers through which clay is used, and that all of the 
semples be tested for voletile matter, volume weight, and mesh 
size, as well as for percoletion ezficiency on cylinder stock 
solution, using the small-scale technique. In the event that 
certain of theo earlier numtered clays are employed in the plant 
for neutral filtration, the composite samples representing those 
numbers should likewise be tested, using a neutral stock, as by 
this means deta nay be obtained that would resutt in recommenda- 
tions directcd toward @ more economcet distribution of the 
decolorization load. | 

In the testing of series of samples of this type, it is 
important that the samples be dried at 400° PF. prior to evalua- 
tion and the determination of the physical inspections. Rescrsen- 
ing before charging to the filters is not desirable, as deviation 
in particle size is a normal characteristic of series of this 
nature. Finally, it should be borne in mind that the apparent 
density of rull«er's carth increases materially unon continued regen- 

eration, so that, in interpreting and reporting results, emphasis 
should be placed upon the volume basis efficiencies. ~ 


The data resulting from the study should be plotted and com- 
pared with results from previous analysis of a similar nature. In 
the event that indications point toward a degradation in average 
efficiencics, analysis of the physical tests and of operating con- 
ditions will point the way towarc correction of the difficulty, as 
analysis of volatile matter and volume weight tests coupled wit 
values for the viscosity oil content of the spent clays cnablics the 
laboratory to reach a conclusion as to whether the reduced efri- 
ciencies are traceable to ovcrburning, underburning, etc. 


At intervals of at least every 6 months, a-cost analysis should 
be made for the purpose of determining whether, under cxisting 
operating conditions, the fuller's earthis being discarded at the 
optimum point. This analysis should also be carried out on any 
occasion of drastic readjustments in filter house throughput, and 
should, of course, include considcration of the distribution of the 
various services betwcen early and late number clays. 
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(3) Control of Bauxite Burning 


The testing problems incidental to the centrol of bauxite 
burning are essentially comrarable to those already discussed in 
connection with rullier’s earth although simplified by the fact 
thes there are seldom mcre then two gredes to be tested, as com- 
pared with the 15 or 2O0fuller'searth burn numbers that must? be. 
checked. It is therefore possible to maintain a cleser check on 
orerations, and it is accordingly recommended that representative 
semples of ths filter-house charge be evaluated et bi-weekly 

intervals. 


These samples should, after drying *t 40 00° F., be eveluated 
in comparison with the reference standerd, on the. major stocks 
for which the material is used in the plant. Determination should 
aiso be made of volatile imetter, mesh size, and volume weight, in 
addition to which it will frequently be “found helpful to apply the 
test for determinaticn of nonhsixitic contamination. 


In the event thet Latches of bauxite are, as is frequently tne 
case, scgrcgated onl specially handled for use in the filtration 
of such mcerials as neutrals, waxes, and petrolatum, it is of pare. 
ticular importance that frequent checks upon filter yielils be 
effected, as departure fror the nvrescribed conditions of operation 
ray result in cerious losscs in yield. In these eveluations, and, 
in fact, in all ocfftciency tosts on bauxite semples, it is desirable 
to determine yields at various colors and to ronort the resuits in 
the form of color vs. yicid curves. 


(4) Control of Filter Washing 

A further instance o7 an important anplic2tion of the labora- 
tory percolation test to refinery operation is remresented by the 
part that it can te mede to pley in the proper control of the fil- 
ter washing stcp, inedequate handling of which can result in sorious 
increasee in d¢colorization costs. Riugeway, Ross, and Henderson 
(Refinery, November 1938, p. 546) have presented data on the washing 
ffuller'searth filters, which demonstrates conclusively the 
depressing effect upon yields which is exerted by the incorporation 
or sm@ll quantities of colcr bodies washed from the clay in the 
cherge %o a subsequent filter. 


A fact which renders it of even more - importence that the indi- 
vidual plant laboratory be equipred and its personncl trained for 
the execution of investigations ofthis character is that conditions 
of operation and of charging stock vary widely from plant to plant, 


making it difficult to generalize in this respect. * * *. It is 


possible, hy sampling the wash at five-barrel intervals, reducing, 
and running small-scale.comparative filterability tests, to procure 
data upon which t ee 32 recommendations as to optimum wash volume, 
and the optimum division betiveon recycle and filter butts. 
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Since the maintenance of a balance between oil and. tar left 
in the bauxite and the relative quantities recycled to a subsequent 
filter or reduced as filter butts is of the utmost importance from 
the stendnoint of refining costs, it is recommended that tests 
such as these be carriel‘out periodically, and that checks be made 
et any time thay the charecter of the unt Silterec stock undergoes a 
change. 


(5) Prediction of Percolation Results and Optimun 
peisi ditions 


rating 


The prediction of filter yields and or finished oil charec- 
teristics is an additicnal problem with which the refinery labora- 
tory is often confronted and to which the techniques presented 
herein may be applied to adventaye. In cases involving totally 
unfamiliar stocks, or those of a borderline nature, the problem 
frequently must first be approachcd from the standpoint of the 
determination of the coptimm conditions cf application of the 
adsorbent to the purticular oil in question. 


In respect to the latter aspect of tho problem, the use of 
the smaller-scale apnaratus is best suited, since the results 
desired are of either a quelitetive or strictly comperative 
nature. In studies of this tyne, investigation should be made 
of the influence of filtration temperature, burning temperature, 
and percolation rate, particularly where the adsorbent to be - 
utilized is bauxite, which is appreciably mors sensitive to vari. 
tions in filtering conditions than is fuller's earth. 


The information thus obtained on a qualitative scale is-then 
utilized in the large filters for the purpose of predicting the. 
results to be anticipated in plant practice. While the wide varia- 
tions in filter shapes and sizes which exist in the industry make 
it virtually impossible to gencralize with respect to the correle- 
tion of yields, it may be statcd that experience has shown it to 
be possible, in a given plant, to arrive at an excellent correla- 
tion. Results in this respect are appreciably more satisfactory _ 
when the larger filters are used, particularly in the case of 
bauxite. Correlation with respect to finished o:1 quality predic- 
tions mkes the use of the larger apparatus eu ouonae 


(7) iscellancous Applications 


Numerous other. applications of the percolation procedures exist, 
including problems rclating both to plant control and to research 
and development. Achieverent of the optimum balance betwcen solu- 
tion and straircht percolation. in the decolorization of bright stock 
is a case in point, as is the analysis of variations in other eee 
essing stens, for example, dewaxing, upon results to be expected 
from the percolation plant, Many other problems of a more specific 
interest to a given refinery will occur from time to time. 
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Figure 10. 
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It ig felt that the testing methods presented in this pearer 
represent poterntisll, valucble tools for use in refinery laboratory 
omeretions, and that oe their eppsication any problems relating 
to the ‘ise or edsorbent materials may be investicated succescfully. 
Fongil7,. 20 is -Telt to be ene unfortunate that such wide varia- 
ticns oxist between the techniques employed by the different tech- 
nical sgrouns of the industry, end it is hoped that this contribu- 
titn wils aid in bringing about & greavly to be cesired stancardi- 
Zain. 


The following method was used by Dr. P. G. Nutting in evaluating clays9/, 


Fercclation tests are rade on ¢lay ground tc pass @ 150-mesh 
(9.1l-millimeter) sieve. This is just fine ened to permit action 
ty all the clay and sufficiently coarse to permit the test oil to 
pess et a reasonahle rate. About 3 grams, or a level te oe 

this cround cley is aricd Zor en how in an oven et 160 SG 

3209 F.), then nut in porous-bottomed tube to the depth of an 

nch or more. To evoid chameling, it is first wet down with 
gasoline, stirred, and allowed to settle and drain Lefore the 
test oil is introduced. The first ofl through is water white 
end conteins the gasoline, ror which an ellowance of half the 
volume of the clay is made. Then follow gresn; vellow, ‘and red 
oil,ending with Diack, umbieached oi]. In daylight, the cye is 
very sensitive to the first grcen and to the solecn yellov, 


Wiich is between lemon and crange. The recomi.ition of the first 


red fcllowing the oronge and the first blick is loss certain but 
NOs O21 FiCulE: Wwitr Draczice. 


Thus, fou volumes corresfponding to the reur colors are 
ootained. Ths ratios of these oil volumes to the volume of the 
clay bleaching them are the color indices given in the writer's 
tests. In practice, tho maswement cf actucl volume is avoided 
by making clay anc oil-drip containers of the same glass tubing 
and simply comparing the height of clay end ofl rassed. Thus, 


@ rating of 1.5 means thet the oil bleached’ wes 1.5 times the 


volume of the clay bleaching it, A set of four nvmeers, such as 
TAGs 2 sey CeOy:. 3204. Nerers tO che four colors - water white, 
er: — etiew. ONG: Las 


The tubes used ror testing are of glass and have an inside 
diameter of & millimeters. (Sce fig. 10.) A QY-inch piece of 
tubing is constricted at about one-third its length end cut off. 
The shorter picce is shaped into a small test tube with slightly 
flering top, and the longer piece is formed with a tapered carbon 
rod to scat a i/h-inch disx of blotting parcr cut with an ordinary 
file punch. A scot of 5 or 6 pairs of sucn tubes mounted in a 
frame is convoniont for testi Similar sets of l-inch metal tubes 
holding 6 inches of clay end surrounded by a bath of hot oil for 
controlling temperature have been uscd in works tests. 
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As a test oil, the writer prefers a black, sulfur-free crude 

il. This is diluted with gasoline until Floridin clay tests 1.0 
to 1.1 for water-white bleach, the complete run being 1.0, 1.3, 
1.5, 1.7. Floridin clay is chosen for a reference standard, 
because it changes little with age. If the test oil is such as 
to give too low yellow and red separations, these my be increased 
as desired by adding cylinder stock. A few ounces of 150-mesh 
clay are kept in reserve for check tests. An advantage of the 
small glass tubes is the small amount of clay sample required for 
a test and the small amount of test oil used un; a poison or test 
oil is ample for a thousand tests. : 


Unfortunetely, there annears to be no possibility o? an abso- 
lute method of testing bleaching clays and no escape from the 
necessity of using reference standard clays and arbitrarily chosen 
test oils. The subdstitution of known concentrations of dyes in 
benzine for test oils has becn cuggested, but the adsorption of 
such solutions on clavs differs so widely from that of petrolewm 


. as to be of little valuc. 


oho 


Preliminary tcsts of clays. - If a clay sample passes inspec- 
tion 4s an active or activable clay, about 10 grams are ground to 
150 mesh and divided into three portions. One portion is set aside 
for the test of the bleaching power of the raw clay, and the other 
two, about 3.5 grams cach, arc put in 250-cubic-centimeter flasks 
with 100 cubic centimeters of 1:1 (20 percent) hydrochloric acid 
and heated to boiling for 1 and 2 hours, resrectively, filtered, 
washed, dried, and sifted. All three samples are then dried at 
160° C. for an hour and given the oil test described above. This 
test is sufficient to determine natural activity and activability. 
Testing 15 clays in 3 batches of 5 each is a day's work, and several 
thousand such tests have been made at the Survey. 


Color curves. - If a clay shows pronounced activability in the 
preliminary test, it may be worth a more detailed tcst to determine 
the utmost of which it is capable and the precise amount of acid 
treatment that will give optimum bleach. Five portions of about 
3.5 grams each are weighed out of ® supply that has been ground to 
150 mesh and left overnight to come to room humidity, put in five 
250-cubic centimeter flasks with 100 cubic centimeters of hydro- 
chloric acid ranging from 10 to 39 percent in concentration, and 
heated from about 40 minutes for the 10 percent to 4 hours for the 
30 percent. The clay samples are filtered on weighed filter paper, 
washed and dried, left over nignt to come again to room humidity, 
and carefully weighed. Losses in weight should be about 5, 10, 20, 
30, and 40 percent, the last residue usually being pure silica. 

The samples are then ground, dried at 160°, and tested for bleaching 
power. 


rinally, the oil-tcst results are plotted against percentage | 
removed by acid, and a set of four curves for the four colors is 
obtained. Tho lowest curve shows the limit of watcr-white bleachcd 
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fraction for different emounts dissolved by acid. This curve usu- 
ally shows a maxiinum of 20 to 25 percent removal or soluble meterial. 
The Ceres of low leaches is slight, the action being chiefly an 
exchange o? hydrogen for calciui. When alumina and iron are 
attackcd, the bleaching power rises sharply to a broad ontinun. 
Finally, with overtreatment with acid, the bleaching yower drops 

considerebly, to «bout that of silica gel or fuller's earth. ‘The 
curves tor limiting creen, yellow, and red fractions are similar, 
but with maxima farther to the right, that for the red fraction 
(vetroleum lubricants) being usually at about 30-percent removel 
of solid materials. 


Such sets of color curves are indicative or the nature of the 
clay, whether or not it has heen weathered or kept too long in. 
storage, and show the range of tolerance in plant ccontrol. The 


: color curves of. most good clays are so flat at their maxima that 


@ departure of 5 perccut either wey from the optimm leach is of 
little censequence. A clay being treated for use in bleaching 
cottonseed, Tipscca: or ea oil should be slightly undertreated. 
An overtreated clay is almost t valucless, 


Work tests. =- The tests above cutlined are still lacking in 
the data necessary to ostablish & formula or recipe for plant 
operation. -Althovgh a 2-hour treatment in 20 percent acid may be 
best for some clays, for others 4 3-hour treatment in 10 percent 


.. acid mav give better results or be more casily controlled in prec- 


ehok 


‘tice. The data required are obtained by runnin: tests that give 


sets of solubility curves and muking a tleaching as or Pees oor = 
tion treated. Weighed.samplces are digested for 0.5, 1, 2, 3.5, 

and 5 hours in acid cf 1.5, 3.0, 6.0, and 9.0 norm:lity. The four 
sets cf color curves indicete which acid concenuration and time or 
treatmont give best results 2nd the range of tolcrance in tine and | 
concentration. 


A quick test to determine the cegrce Set a be val- 
uable in plant control, but neo such test is known. To remove a 
sample from-the batch boing treated and give it e regular bleaching 
test would require Yar more time than is permissible. A sample 
quickly washed and dricd will form a hard cake, if much underdone, 
but will be incoherent if correctly treated to overdone, but this 
test is not corclusive. Titration cf a sample of spent liquor 
requires little time but is insensitive on account of the large 
excess of free acid thet is always present. The sce acaaeiaci of 
refractive index requires little time but is not vory sensitive. 
An absorption test on a quickly washed clay sample with a water 
Aye solution would be quick and might be servicable if done by a 
practiced observer. In the absence of any such quick tests, cley-. 
treating must continue to be by formule alone. 


The cracking of oil ey elas is not shown by contact methods or 
testing, ee is cesily apparent in rercolation testing. When the 
sample of dricd clay under test is wet down with gasoline in the 
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regular bleaching test, the top of the clay may turn red, pink, .or 
_ brown;, even, though the gasoline used has been treated previously. 

' with active clay. Highly purified. laxative oil and fused paraffin 
crack even more readily then gascline, the longer. chain molecules 
being broken more readily then the. shorter ones. Many .activated 
adsorbent: clays and some fuller's earths crack gas oline, and there 
is mo wey known of preventing it without a considerable sacrifice 
of adsorbing power, although the addition of chlorinated. hydrocar- 
bons ‘is of some assistance, When a bentonite is activated in - 
steps, as for color curves, it is found that mximum cra cking.. occurs 
at meximum absorbing power and that a fully leached clay shows - 
little or no cracking. Among different clays, cracking and adsorb- 
ing power do not always go together. 


Note on above test: The | test uses a meximum of about cy grens of ‘clay as 
a sample. Obviously, a much more representative sample would be of greater 
size. Also, the tendency to "channel" is quite marked. If one uses-a larger 
sample, say 50 grams, and correspondingly larger tubes (a 100 cc. separatory 
funnel is excellent), the factor of channeling becomes greater, and there is 
possibility o7 sone evaporation of the oil-benzol mixture. However, by 
exercising care, the test works'very nicely with samples of as much as 50 
grams. With a sample this size, the results of the test are on a par with the 
cold contact method described in “Contact”, second method, above. | 


One objection to the test is that it requires careful and continuous 
watching during the hour or more percolation is taking place.in order not tc 
miss any of the color changes. some clays require 3 to 4 hours. Aside from 
this inconvenience, the riethod is an excellent one for the clay leboratory. 
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‘Colorimeters 


As Hotel in the section on vegetable olls, the np teaG nase (Aton of 
Oil Chemists recommends the Wesson method; using Lovibond glasses, and . the 
Stevenson colorimeter is approved. 


For mineral oils, Committee D2, A.S.T.M. on Petroleum Products and Lubri- 
cants specifies two cdlorimeters, the Union colorimeter. (A.S.T.M. designation 
D155-39T) for lubricating oils and the Saybolt chromometer (A.S.T.M. designa- 
tion D156-38) for light-coloreil products. These colorimeters depend on 
matching the. 041 ‘colors by eyes. me ay po BH os . 


Another ‘more recent tzrpe is the Hellige-Diller photoelectric ‘colorimeter. 
This single colorimeter covers the whole range of all the oils and may be run 
by a color-blind orerator. qt will be found very see ee a 
for clay laboratories. be oe 8 


It is: possible, however, to set ‘up a color evaluation system, in a labora- 
tory where’ a: colorimeter is lacking. | This can be done by. us ing a standard, 
high-grade bleaching clay and a standard oil. A series of oil concentrations 
is then made with the clay, obtaining cclor shades from water. white through 
greenish-yellow, Light, amber ». medium amber, dari amber, and dark reddish amber 
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to nearly cpeque. The shades can te so spaced and riotted against ml. of oil 
per gram or clay that virtually a streight Line results. That ig, a constant 
ratio is erbitrarily set up between ml. of oil per gram of clay and chace. 
The ordinate or ebscissa for the shades can be Givided into 30 or 40 divi- 
Sions, end each shade will cover @ number of points of the division, as shown 
in the tleeching test. This is explained by D. W. Ross in more aetai1,1° 


10/ Ross, Donild W., Work cited footnote 6, 
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